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Tumor necrosis factor-~ production and products of mast cell, basophil, and 
eosinophil degranulation (prostaglandin D2, histamine, and eosinophil cat- 
ionic protein) were prospectively studied in 26 children undergoing cardiac 
operations. The relationship between inflammatory response to cardiopulmo- 
nary bypass and transient postoperative arrhythmias was analyzed. Cardio- 
pulmonary bypass was conducted with circulatory arrest and deep hypother- 
mia in 10 patients and with continuous low-flow and moderate hypothermia n
16 patients. Transient postoperative arrhythmias diagnosed on standard or 
atrial electrocardiograms (or both) were seen in eight of the 26 examined 
children: accelerated junctional rhythm (n = 3), junctional ectopic tachycardia 
(n = 3), second-degree atrioventricular block (n = 1), and third-degree 
atrioventricular block (n = 1). Children with transient postoperative arrhyth- 
mias were younger than those without (p < 0.05). Compared with baseline 
values, there was in all patients a significant release of histamine and 
eosinophil cationic protein (p < 0.05) related to cardiopulmonary bypass, 
reaching peak values 4 hours after the operation. In contrast, tumor necrosis 
factor-a production and prostaglandin D2 release were not significant. This 
suggests that activated basophils but not mast cells are the major sources of 
histamine liberated during and after cardiopulmonary bypass. Histamine 
release but not eosinophil cationic protein release correlated with circulatory 
arrest and deep hypothermia (p < 0.05), suggesting the participation of 
physicochemical terations of circulating basophils leading to histamine 
liberation. Four hours after the operation, patients with transient postopera- 
tive arrhythmias had significantly higher blood concentrations of histamine 
(p < 0.02) and eosinophil cationic protein (p < 0.05) than did those without 
transient postoperative arrhythmias. On the first postoperative day, four of the 
eight patients with transient postoperative arrhythmias had persisting ele- 
vated histamine levels, whereas in patients without transient postoperative 
arrhythmias histamine reached baseline values. The multivariate analysis 
retained histamine release and eosinophil cationic protein variations related to 
cardiopulmonary b pass for the emerging model to predict transient postop- 
erative arrhythmias. The results of this study show significant histamine 
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release related to cardiopulmonary bypass. Furthermore, they document a 
possible relationship between circulating histamine and transient postop- 
erative arrhythmias. The latter may therefore be suspected among the 
consequences of the inflammatory response to cardiopulmonary bypass. 
(J Thorac Cardiovasc Surg 1996;111:971-81) 
ardiopulmonary b pass (CPB) operations induce 
a whole-body inflammatory reaction in which 
complement activation, neutrophil degranulation, and 
cytokine generation are mainly involved. 1-6 Tissular 
mast cells and circulating basophils are both target 
cells for a number of mediators generated during CPB, 
such as complement anaphylatoxins and cytokines, 7'8 
and thus are both possible sources of histamine liber- 
ation. Several cytokines are known to have an activity 
resembling histamine-releasing factor, such as inter- 
leukin-1 and interleukin-8, which are generated in 
response to CPB, TM their actions on basophils being 
receptor-mediated. 7 In contrast, tumor necrosis fac- 
tor-a (TNF-a), whose generation during CPB remains 
controversial,lO, i2 13 does not seem to directly stimu- 
late basophils but tissular mast cells]' 14 
Besides its immunomodulating effects, 15 liberated 
histamine also has arrhythmogenic properties that 
could influence the postoperative course of patients 
undergoing cardiac operations. Histamine increases 
spontaneous sinus rate, produces various degrees of 
atrioventricular block, enhances the automaticity of 
ectopic pacemakers, hifts the pacemaker site, and 
decreases the ventricular fibrillation threshold. 16 
These properties have long been demonstrated in
experimental models, but the potential relation of 
histamine to transient postoperative arrhythmias 
has not yet been studied. This prospective study was 
conducted to analyze the mechanisms of histamine 
liberation during CPB and its possible relation with 
transient postoperative arrhythmias in children hav- 
ing undergone cardiac operations. 
Patients and methods 
Twenty-six consecutive children (15 boys and 11 girls), 
aged 7 months to 13 years (mean 66 months), undergoing 
cardiac operations for congenital cardiac defects were 
entered into the study. Diagnosis and type of surgical 
procedure are shown in Table I. Besides routine preop- 
erative laboratory investigations, standard and Holter 
electrocardiograms were performed in all patients, ex- 
cluding preoperative arrhythmias. No patient had known 
immunoallergic disease before the operation. 
Anesthesia nd CPB protocol. Patients were premedi- 
cated with midazolam. General anesthesia nduced with 
inhaled nitrous oxide and halothane was maintained with 
diazepam and fentanyl sulfate. Pancuronium bromide was 
used for muscle relaxation. Cefotiam hydrochloride (25 
mg/kg) and dexamethasone (3 mg/m 2) were administered 
before sternotomy. The CPB equipment was standard- 
ized. This included a roller pump generating a nonpulsa- 
tile flow, a disposable membrane oxygenator, and an 
arterial filter. The priming solution consisted of a crystal- 
loid solution and mannitol (0.75 mg/kg). When appropri- 
ate, compatible stored blood was added to obtain a 
hematocrit value of the circulating volume of about 25%. 
Heparinization was achieved with heparin sulfate (3 mg/ 
kg). CPB was started after aortic and atrial or bicaval 
cannulation with a perfusion index of 2.7 L/m z. Hypother- 
mia was obtained by cooling the priming solution in the 
extracorporeal circuit and the circulating volume with a 
heat exchanger. For vasodilation during cooling, all pa- 
tients were given sodium nitroprusside (0.5 to 2 ~g/kg per 
minute). In 10 patients, deep hypothermia (minimal na- 
sopharyngeal temperature averaging 16 ° C) was obtained, 
and after aortic crossclamp and cardioplegia nduced with 
a single injection of a 4 ° C cold Bretschneider solution (30 
ml/kg), total circulatory arrest was established. When 
necessary, the surgical procedure was continued after 
circulatory arrest under low-flow perfusion (correspond- 
ing to 25% of the initial flow rate). In 16 patients, 
nasopharyngeal temperature was brought down to an 
average of 26 ° C, and after aortic crossclamping and 
cardioplegia surgical repair was performed under low-flow 
perfusion. In all children, lungs were reventilated when 
nasopharyngeal temperature ached 30 ° C, and neutral- 
ization of heparin was achieved by protamine sulfate (6 
mg/kg). All children received sodium nitroprusside for vaso- 
dilation during rewarming (0.5 to 2 /xg/kg per minute). If 
necessary, catecholamines were given before weaning from 
CPB and were continued after the operation. 
Postoperative care. In the intensive care unit, diazepam 
and morphine sulfate were given for sedation and analge- 
sia. Continuous electrocardiographic monitoring was used 
in all children for at least 3 days after the operation. 
Electrocardiographic rhythm strips were recorded when- 
ever cardiac arrhythmias were suspected. Standard elec- 
trocardiography was done at least once a day. When P 
waves could not be clearly identified, atrial electrocardio- 
grams were performed with the use of the atrial electrode. 
Before discharge standard and Holter electrocardiograms 
were performed in all children. 
Definition of transient postoperative arrhythmias. 
Transient postoperative arrhythmias were arbitrarily defined 
as arrhythmias occurring during the first 24 postoperative 
hours and resoMng within 5 days after the operation. 
Disregarding single supraventricular nd ventricular extra- 
systoles, the following transient postoperative arrhythmias 
were observed: accelerated junctional rhythm, junctional 
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Table I. Clinical data 
Age 
Patient (mo) Diagnosis Type of operation TPDR 
1 69 Ebstein TV reconst. No 
2 54 DORV operated, VSD closure No 
residual VSD 
3 147 VSD VSD closure No 
4 108 TOF operated, PI Homograft No 
implantation 
5 94 DORV, MS TCPC JET 
6 17 VSD VSD closure No 
7 27 VSD VSD closure No 
8 13 VSD, PS VSD closure, AJR 
PV commiss. 
9 12 VSD VSD closure No 
10 16 PS PV commiss. AVB II 
11 88 ASD, SV ASD closure No 
12 46 ASD II ASD closure AJR 
13 12 Down; AVSD Correction JET 
14 155 AoS AoV commiss. No 
15 9 Down; VSD VSD closure AIR 
16 48 TOF Correction No 
17 7 TOF Correction JET 
18 137 VSD, AI VSD closure No 
19 135 Down; ASD I, MI ASD closure, AVB III 
MV reconst. 
20 42 VSD, PS VSD closure, No 
PV commiss. 
21 98 VSD VSD closure No 
22 150 ASD I, MI ASD closure, No 
MV reconst. 
23 164 ASD I, MI ASD closure, No 
MV reconst. 
24 51 ASD II ASD closure No 
25 8 VSD VSD closure No 
26 18 ASD II ASD closure No 
Ebstem, Ebstein's malformation. DORV, double-outlet right ventricle; 
VSD, ventricular septal defect; TOF, tetralogy of Fallot; P/,, pulmonary 
valve insufficiency; MS, mitraI stenosis; PS, pulmonary stenosis; ASD, atrial 
septal defect; SV,, single ventricle; Down, Down's yndrome; A/, aortic 
insufficiency; AVSD, atrioventricular septal defect; AoS, aortic stenosis; 
M/, mitral insufficiency; TV,tricuspid valve; reconst., reconstruction; TCPC, 
total cavopulmonary connection; PV,pulmonary valve; eommlss., commis- 
surotomy; AoV,, aortic valve; MV, mitral valve; JET, junctional ectopic 
tachycardia; A JR, accelerated junctional rhythm; ABV IL second-degree 
atrioventricular block; AVB III, third-degree atrioventricular block. 
ectopic tachycardia, second-degree atrioventricular block 
(AVB II) type I, and third-degree atrioventricular block 
(AVB III). These arrhythmias were defined as follows17: 
Accelerated junctional rhythm. Accelerated junctional 
rhythm is a supraventricular rhythm with normal QRS and 
no visible P wave, retrograde P wave after each QRS 
complex, or atrioventricular dissociation with a QRS rate 
faster than the normal junctional escape rate (50 to 80 
beats/min up to 3 years and 40 to 60 beats/min over 3 
years) but not exceeding the maximum normal sinus rate 
for age at rest. Normal sinus rate for age at rest is 
described elsewhere. 18 Because no data have been re- 
ported, the influence of catecholamines on sinus and 
junctional rate could not be considered. 
Tab le  II .  Sample time schedule 
Sample time 1 
Sample time 2 
Sample time 3 
Sample time 4 
Sample time 5 
Sample time 6 
Sample time 7 
Preoperative 
After heparin administration 
Ten minutes after initiation of CPB 
At the end of rewarming 
(core temperature = 30 ° C) 
After protamine administration 
Four hours after the operation 
First postoperative day 
Junctional ectopic tachycardia. Junctional ectopic tachy- 
cardia is accelerated junctional rhythm with a QRS rate 
exceeding the maximum normal sinus rate for age. 
AVB II type L AVB II is failure of conduction of some, 
but not all, of the impulses from the atria to the ventricles, 
with progressive prolongation of the PR interval before a 
nonconducted P wave. 
AVB IlI. AVB III is complete lack of transmission of 
atrial impulses to the ventricles with the atrial rate faster 
than the ventricular rate. 
In cases of time-related variations of the heart rate in 
patients with transient postoperative arrhythmias, the 
fastest rhythm was retained for the diagnosis. 
Collection of samples. Samples of venous blood were 
collected before the operation from a peripheral vein, 
during and after the operation from a central venous 
catheter, and during CPB from the arterial line of the 
oxygenator. Sample times are shown in Table II. For each 
sample, 2 ml of blood taken in plastic tubes containing 
ethylenediaminetetraacetic acid were necessary for the 
study of TNF-a, prostaglandin Dz (PGD2) , eosinophil 
cationic protein (ECP), and histamine; 0.5 ml of whole 
blood was needed for leukocyte count and differentiation. 
Determination of histamine, ECP, PGDz, and TNF-a. 
Histamine (a marker of both basophil and mast cell degran- 
ulation) was determined by means of immunoenzymatic 
dosage based on competition between histamine to be 
determined and bistamine-acetylcholine esterase from Im- 
munotech International, Immunotech, Marseille, France. 
The specificity has been increased through acylation of 
sample and tracer histamine and by using monodonal anti- 
bodies against acylated histamine. Normal plasmatic hista- 
mine values in healthy adults are less than 1000 pg/ml. ECP 
(a marker of eosinophil degranulation) was determined by 
means of double antibody radioimmunoassay (Kabi Pharma- 
cia Diagnostics AB, Uppsala, Sweden). Normal values for 
healthy adults range between 2.3 and 16/~g/L. 
PGD2 (a marker of mast cell degranulation) was deter- 
mined by means of a radioimmunoassay technique with 
PGD2-[3H ] as tracer (Amersham Belgium, Gent, Bel- 
gium). 
TNF-c~ was determined with an immunoenzymetric 
assay (enzyme amplified sensitivity immunoassay; Medge- 
nix, Medgenix Diagnostics SA, Fleurus, Belgium). Normal 
values for healthy adults are lower than 20 pg/ml. 
Measured histamine, ECP, PGD2, and TNF-a values 
were not corrected for hemodilution during CPB. 
Leukocyte count and differentiation were performed 
with a Coulter counter (Coulter Electronics, Inc., Hialeah, 
Fla.). Leukocyte values were corrected for hemodilution 
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Table III. Variables entered for the multivariate 
analysis 
Age 
CPB duration 
Circulatory arrest 
Aortic crossclamp time 
Epinephrine dose at the end of the operation 
Circulating histamine after protamine administration 
Circulating histamine 4 hours postop. 
Circulating histamine on first postop, day 
Histamine release during CPB 
Histamine release between institution of CPB and 4 hours 
postop. 
Histamine release between institution of CPB and first 
postop, day 
ECP after protamine administration 
ECP 4 hours postop. 
ECP on first postop, day 
ECP release during CPB 
ECP release between institution of CPB and first postop, day 
Ventricular septal defect closure 
by multiplying the measured value by the quotient Ht 
pre/Ht sample, where Ht pre is preoperative hematocrit 
value and Ht sample is hematocrit value of the sample. 
Polyspecific radioallergosorbent test (RAST) screening 
against common aeroallergens was performed with RAST 
Phadiatop (Kabi). 
Statistical analysis. For statistical analysis, nonpara- 
metric tests (Wilcoxon test, Mann-Whitney U test) were 
used when appropriate. Fisher's exact est was performed 
for analysis of contingency tables. To investigate the 
influence of several clinical and biologic variables (Table 
III) on the probability of development of transient post- 
operative arrhythmias, we used a multivariate logistic 
regression model. 19 Data were computerized and ana- 
lyzed with the SAS program (SAS Institute, Inc., Cary, 
N.C.). Results are expressed as mean value _+ 1 standard 
deviation (m -+ SD) in the text or as mean _+ standard 
error of the mean (m -+ SEM) in the figures. Allp values 
< 0.05 were considered significant. 
Results 
Clinical results. Transient postoperative arrhyth- 
mias developed in eight of the 26 children studied. 
Children with transient postoperative arrhythmias 
(mean age 41.5 _+ 47.9 months) were younger than 
children without arrhythmias (mean age 77.4 _+ 54.7 
months) (p < 0.05). There was no difference be- 
tween patients with and without ransient postoper- 
ative arrhythmias with regard to CPB duration, 
aortic crossclamping time, and epinephrine, dopa- 
mine, and sodium nitroprusside dosage immediately 
after the operation. Circulatory arrest was more 
often used in patients with arrhythmias (6/8 pa- 
tients) than in those without (4/18 patients) (p 
Table IV. Comparative clinical data in patients with 
and without ransient postoperative arrhythmias 
Without With 
arrhythmias arrhythmias p 
(n = 18) O~ = 8) Value 
Age (mo) 77.4 + 54.7 41.5 ± 47.9 <0.05 
CPB (rain) 77 ± 30 71 _+ 30 NS 
AXT (min) 52 + 19 54 ± 19 NS 
CA (n) 4 6 <0.05 
CA (min) 45 + 5 54 _+ 12 NS 
Epinephrine 0.04 ± 0.09 0.17 _+ 0.21 NS 
(~g/kg/min) 
Dopamine 3.05 _+ 2.48 3.28 + 2.63 NS 
(/zg/kg/min) 
SNP 0.67 ± 0.35 0.74 ± 0.47 NS 
(/xg/kg/min) 
CPB, Cardiopulmonary bypass; AXT, aortic crossclamping time; CA, 
circulatory arrest; SNP, sodium nitroprusside; NS, not significant. Drug 
doses are those at the end of the operation. Values are expressed by the 
mean _+ SD. 
0.05), but duration of circulatory arrest was identical 
in the two groups. Comparative data of the 26 
patients with respect o transient postoperative ar- 
rhythmias are summarized in Table IV. 
In the eight children with transient postoperative 
arrhythmias, the following arrhythmias were diag- 
nosed: accelerated junctional rhythm, n = 3; junc- 
tional ectopic tachycardia, n = 3; AVB II type I, n = 
1; and AVB III, n = 1. Three patients with arrhyth- 
mias (accelerated junctional rhythm, n = 2; AVB II, 
n = 1) were in normal sinus rhythm immediately 
after the operation and showed abnormal rhythm 4 
to 5 hours (median 4 hours) later. The patient with 
AVB II had initial episodes of sinus tachycardia 
alternating with episodes of AVB II, persisting 12 
hours after the operation. The other five patients 
had abnormal cardiac rhythm at the end of the 
operation (accelerated junctional rhythm, n = 3; 
AVB III, n = 1; junctional ectopic tachycardia, n = 
1). Two of these three patients with accelerated 
junctional rhythm in the immediate postoperative 
period (patients 5 and 13) had junctional ectopic 
tachycardia 4 hours after the operation. Five chil- 
dren were treated for arrhythmias: atrial or ventric- 
ular stimulation (or both) in three (accelerated 
junctional rhythm, n = 1; AVB II, n = 1; AVB III, 
n = 1) and digoxin for 24 hours in two (both with 
junctional ectopic tachycardia). Transient postoper- 
ative arrhythmias ceased in six children after 12 to 
96 hours (median 33 hours). In two patients, junc- 
tional ectopic tachycardia masked efinitive arrhyth- 
mias (sick sinus syndrome and AVB Ill), which 
appeared 48 and 54 hours after the operation, 
The Journal of Thoracic and 
Cardiovascular Surgery 
Volume 111, Number 5 
Seghaye t al. 975 
Table V. Clinical data of patients with transient postoperative arrhythmias 
Patient Maximal HR Onset Termination Arrhythmia at 
no. Arrhythmia (beats~rain) (hours postop. ) (hours postop. ) Treatment discharge 
5 JET 150 Immediate 48 Digoxin SSS 
8 A JR 100 Immediate 36 Pacing No 
10 AVB II 150 5 36 Pacing No 
12 A JR 100 4 30 No No 
13 JET 180 Immediate 54 Digoxin AVBIII 
15 A JR 110 4 30 No No 
17 JET 200 6 36 No No 
19 AVB III 40 Immediate 96 Pacing No 
JET, junctional ectopic tachycardia; A JR, accelerated junctional rhythm; AVB, atrioventricular block; HR, heart rate; SS, sick sinus syndrome. 
respectively, when the rate of the junctional rhythm 
decreased. Holter electrocardiograms in these two 
patients showed pathologic abnormalities on their 
discharge. On the contrary, the other six patients 
with transient postoperative arrhythmias and the 18 
without arrhythmias had normal Holter electrocar- 
diographic findings on discharge. Table V summa- 
rizes the clinical data and course of arrhythmia in 
the eight patients with transient postoperative ar- 
rhythmias. 
Laboratory tests 
Histamine. In the 26 patients tudied, circulating 
histamine values averaged 176.6 _+ 76.1 pg/ml 
(mean _+ SD) 10 minutes after institution of CPB. 
Histamine concentration rose during CPB, reaching 
217.6 _+ 300.4 pg/ml after protamine administration 
(p = not significant). Compared with the value 
measured at the start of CPB, circulating histamine 
levels were significantly higher 4 hours after the 
operation (464.9 +_ 689.7 pg/ml) and on the first 
postoperative day (472.7 +_ 584.7 pg/ml) (p < 0.05). 
Patients in whom circulatory arrest was used (n = 
10) had higher levels of circulating histamine 4 
hours after the operation (877.6 -- 747.0 pg/ml) than 
those in whom circulatory arrest was not used (n = 
16) (171.6 _+ 46.6 pg/ml) (p < 0.05). 
Histamine values at institution of CPB were 
similar in patients with and without postoperative 
arrhythmias (179.7 _+ 75.6 and 175.2 _+ 78.5 pg/ml, 
respectively). The eight patients with postopera- 
tive arrhythmias had significantly higher levels of 
circulating histamine 4 hours after the operation 
(1029.2 _+ 1068.9 pg/ml) than the 18 patients 
without postoperative arrhythmias (214.0 _+ 112.3 
pg/ml) (p < 0.02). 
Considering the individual course of histamine re- 
lease with respect o transient postoperative arrhyth- 
mias and the use of circulatory arrest, the following 
results emerged: An increase in circulating histamine 
(as expressed in percent of the initial value measured 
on initiation of CPB) greater than 200% was measured 
4 hours after the operation in eight patients (three of 
18 patients without transient postoperative arrhyth- 
mias and five of eight patients with transient postop- 
erative arrhythmias, p = 0.06). One of the 16 patients 
operated on without circulatory arrest and seven of the 
10 patients operated on with circulatory arrest had an 
increase in circulating histamine of more than 200% 4 
hours after the operation (p < 0.005). 
Fig. 1 shows the course of circulating histamine 
during and after CPB in patients with and without 
transient postoperative arrhythmias, and Fig. 2 
depicts the individual course of histamine in the 
eight patients with transient postoperative ar- 
rhythmias. 
ECP. In the 26 patients investigated, ECP values 
averaged 3.9 _+ 2.8 /xg/L (mean _+ SD) before the 
operation. During CPB, the ECP value rose from 
5.4 _+ 4.8/xg/L 10 minutes after institution of CPB to 
8.0 _+ 5.6/xg/L at the end of rewarming (p < 0.05). 
ECP levels rose further after protamine administra- 
tion to 10.3 _+ 4.6/xg/L (p < 0.005). ECP reached its 
peak value 4 hours after the operation (10.8 + 7.7 
~g/L) and this value differed significantly from that 
measured at the onset of CPB (p < 0.01). ECP 
concentration remained slightly elevated on the first 
postoperative day (7.3 _+ 9.5 /xg/L). Patients with 
transient postoperative arrhythmias had higher ECP 
values 4 hours after the operation than did patients 
without postoperative arrhythmias (16.8 _+ 8.9/xg/L 
and 8.2 _+ 5.7 /xg/L, respectively) (p < 0.05). On 
postoperative day 1, the ECP level fell abruptly in 
patients with transient postoperative arrhythmias 
(3.7 _+ 2.1 ~g/L), whereas the ECP concentration 
remained elevated in patients without ransient post- 
operative arrhythmias (8.87 _+ 11.1 p~g/L). This differ- 
ence was not significant. No correlation was found 
between ECP release during CPB and circulatory 
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Fig. l. Course of circulating histamine during and after CPB in eight patients with transient postoperative 
arrhythmias (interrupted line) and in 18 patients without arrhythmias ( olid line). Results are expressed as 
mean -+ SEM. Asterisk indicates a significant difference (p < 0.02) between the two groups. Sample times 
as in Table II. 
arrest. Fig. 3 shows the course of ECP in patients with 
and without ransient postoperative arrhythmias. 
PGD 2. PGD 2 release was studied in 11 patients, 
nine without transient postoperative arrhythmias 
and two with transient postoperative arrhythmias. In
four of these 11 patients, 4 hours after the opera- 
tion, there was an increase in circulating histamine 
to more than 200% of the baseline value measured 
on institution of CPB. In these 11 patients, PGD 2 
averaged 17.3 + 7.1 pg/ml (mean _+ SD) 10 minutes 
after initiation of CPB, 30.0 _+ 22.3 pg/ml at the end 
of rewarming, and 25.7 _+ 16.5 pg/ml 4 hours after 
the operation. PGD 2 levels during or after CPB 
were not significantly higher than the baseline value 
on institution of CPB. PGD 2 levels did not correlate 
with histamine levels at any time in the study period. 
The four patients with increased circulating hista- 
mine (200% of their baseline value at institution of 
CPB) did not have significantly different PGD 2 
levels at the end of rewarming and 4 hours after the 
operation compared with the other seven patients. 
TNF-c~. In the 26 patients tudied, TNF-c~ levels 
rose from 24.3 _+ 30.9 pg/ml (mean _+ SD) 10 
minutes after the beginning of CPB to 39.1 _+ 52.7 
pg/ml at the end of rewarming and to 44.6 _+ 46.2 
pg/ml after protamine administration. TNF- ~ con- 
centration averaged 41.2 _+ 48.0 pg/ml 4 hours after 
the operation. The difference in TNF-~ production 
during and immediately after CPB compared with 
the baseline value on institution of CPB was not 
significant. There was no difference in TNF-a values 
between patients with or without transient postop- 
erative arrhythmias. There was no difference in 
TNF-~ values between patients with or without an 
increased circulating histamine greater than 200% 
of the baseline value. In particular, TNF-~ levels 
were not significantly different at the end of rewarm- 
ing when those two patient groups were compared. 
Leukocyte count and differentiation. Results of 
leukocyte count and differentiation are summarized 
in Table VI. With the exception of basophils (which 
did not change significantly during or after CPB), 
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Fig. 2. Individual course of circulating histamine during and after CPB in eight patients with transient 
postoperative arrhythmias. Numbers in parenthesis correspond topatient number in Table V. Sample times 
as in Table II. JET, Junctional ectopic tachycardia; AJR, accelerated junctional rhythm; AVB II, 
second-degree atrioventricular block type I; AVB III, third-degree atrioventricular block. 
there was a significant decrease in all forms of 
leukocytes at institution of CPB followed by a 
rebound (except for lymphocytes) after protamine 
administration. There was no correlation between 
leukocyte count and differentiation and ECP or 
histamine release. There was no difference in leu- 
kocyte and differential count between patients with 
or without postoperative arrhythmias. 
Polyspecific RAST screening. Positive RAST 
screening was found in seven of 26 examined chil- 
dren, in accordance with the prevalence of atopy in 
the normal population. There was no correlation 
between positive RAST screening and histamine 
release during and after CPB or postoperative ar- 
rhythmias. 
Logistic regression. Of the 17 variables selected 
for the multivariate regression model, the release of 
circulating histamine between the time of institution 
of CPB and the fourth postoperative hour (param- 
eter estimate -+ standard error: 0.0059 -+ 0.0032) 
and the release of ECP between institution of CPB 
and the first postoperative day (parameter estimate 
_+ standard error: 0.130 _+ 0.098) and the intercept 
(1.85 _ 0.70), which were the most relevant, were 
used in the final model. The emerging model per- 
mitted the prediction of postoperative arrhythmias 
with a sensitivity of 94.4% and a specificity of 62.5%. 
Discussion 
Histamine liberation related to CPB has previ- 
ously been reported, 2°'21 but its mechanism and 
clinical implications have not been investigated so 
far. Our data demonstrate significant histamine re- 
lease related to CPB in children undergoing cardiac 
operations. In our series, the absence of significant 
TNF-~ production before histamine liberation and 
the absence of significant simultaneous release of 
PGD 2 from mast cells in the patients having ele- 
vated histamine values suggest that mast cells do not 
play a predominant role in histamine liberation. 
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Fig. 3. Course of ECP during and after CPB in eight patients with transient postoperative arrhythmias 
(interrupted line) and in 18 patients without arrhythmias ( olid line). Results are expressed by the mean _+ 
SEM. Asterisk indicates a significant difference (p < 0.05) between the two groups. For sample times, see 
Table II. 
Nevertheless, inasmuch as PGD2 levels were slightly 
elevated at the end of rewarming and 4 hours after 
CPB compared with the values measured on insti- 
tution of CPB, the participation of mast cells in the 
inflammatory process caused by CPB is not ex- 
cluded. The potential incidence of atopy as a pre- 
disposing condition for increased reactivity and his- 
tamine liberation was excluded both clinically and 
biologically because no patient had any atopic man- 
ifestation and the prevalence of immunoglobulin E 
antibodies against common aeroallergens was not 
discriminant. Thus, in our series, histamine libera- 
tion related to CPB was probably due to activated 
basophil degranulation. The parallel evolution of 
histamine and ECP levels during and after CPB 
suggests that both basophils and eosinophils are 
subjected to a stimulation process hared by neutro- 
phils as well. This extends the known list of blood 
cells that are activated uring CPB. 4' 9, 22 
Our results showing a significant decrease of all 
forms of leukocytes at institution of CPB followed 
by global count rebound after protamine adminis- 
tration confirm previous reports 3' 22 and support he 
contention of global granulocyte and monocyte pe- 
ripheral adhesion and mobilization in response to 
CPB and protamine administration. Nevertheless, in 
our series, the magnitude of the cellular traffic was 
not discriminant for cellular activation because the 
basophil and eosinophil cell count did not correlate 
with the amount of liberated histamine and ECP, 
respectively. The lack of evidence of significant 
basophil mobilization could be due to the technical 
impossibility to recognize and count degranulated 
basophils and to the overall difficulty in analyzing 
variations of small amounts of circulating cells. 
Considering our patients individually, despite his- 
tamine liberation observed in all, eight of the 26 
children emerged from the whole group. They 
showed an increase in circulating histamine of more 
than 200% of their individual value measured on 
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Table VI. Leukocyte count and differentiation before, during, and after CPB 
Sample times 
1 2 3 4 5 
Leukocytes 7,670 +_ 2,388 8,592 _+ 3,142 5,496 + 2,834 5,886 _+ 3,589 15,458 _+ 8,874 
Neutrophils 3,665 +_ 2,000 4,278 _+ 2,025 2,464 _+ 1,643 3,383 _+ 2,303 11,322 _+ 7,030 
Lymphocytes 3,546 _+ 1,243 3,130 _+ 1,230 2,480 -- 980 22,670 _+ 1,380 3,010 _+ 1,660 
Monocytes 410 _+ 230 510 _+ 280 330 ÷ 280 240 _+ 210 400 _+ 460 
Eosinophils 225 _+ 258 190 _+ 205 112 + 129 56 _+ 89 140 _+ 164 
Basophils 39 -+ 47 21 + 51 4 _+ 21 13 _+ 43 6 _+ 23 
Values for Leukocytes are expressed in cells per cubic millimeter by the mean + standard eviation. For sample times, see Table II. 
institution of CPB. In seven of these eight patients 
the operation was done with circulatory arrest. This 
observation suggests that, in addition to the effects 
of CPB, circulatory arrest and profound hypother- 
mia also play a determinant role on histamine 
liberation. We 3 showed in a previous study that 
circulatory arrest and deep hypothermia do not have 
any influence on the magnitude of C3 conversion 
and C5a liberation observed uring and after CPB. 
Profound hypothermia, in contrast, is widely known 
to modify the rigidity of the cellular membrane and 
to allow increased accumulation of ligands on the 
cell wall, enhancing the pharmacologic response of 
activated cells to biologic mediators. 23We suggest 
therefore that circulatory arrest and profound hypo- 
thermia influence histamine liberation by those 
physicochemical alterations of membrane function. 
Five of eight patients with arrhythmias but only 
three of 18 patients without ransient postoperative 
arrhythmias had an increase in circulating histamine 
greater than 200% of their own baseline value. 
Correspondingly, the eight patients with transient 
postoperative arrhythmias had significantly higher 
circulating histamine levels 4 hours after the opera- 
tion than the 18 patients without transient postop- 
erative arrhythmias. Histamine has a large number 
of arrhythmogenic properties well documented in 
the animal model and in isolated human heart 
preparations. 16'24-3° Our clinical data document a
possible association between increased circulating 
histamine and transient postoperative arrhythmias 
in children having undergone CPB operations. In 
our series, patients having transient postoperative 
arrhythmias had significantly higher histamine blood 
concentrations at the time of onset of arrhythmias 
than did those without arrhythmias. However, five of 
the eight patients with transient postoperative ar- 
rhythmias had obviously undergone surgical repair 
possibly affecting the atrioventricular junction, such 
as closure of a ventricular septal defect or mitral 
valve reconstruction. Although in our study ventric- 
ular septal defect closure was not a discriminant 
variable for the prediction of the occurrence of 
transient postoperative arrhythmias, the influence of 
surgical trauma on the development of transient 
postoperative arrhythmias cannot be excluded, as 
discussed elsewhereY 
Besides higher histamine release related to CPB, 
patients with transient postoperative arrhythmias 
also had higher ECP release than patients without 
transient postoperative arrhythmias; this difference 
reflects in the former a more pronounced eosinophil 
degranulation related to CPB, whereas the abrupt 
decrease of ECP concentration observed on the first 
postoperative day might suggest a consecutive x- 
haustion of ECP liberation. Thus, in patients with 
transient postoperative arrhythmias, a higher hista- 
mine and ECP release indicates a more important 
granulocyte stimulation related to CPB than occurs 
in patients without transient postoperative arrhyth- 
mias. In contrast to histamine, ECP has cardiotoxic 
properties but no known arrhythmogenic proper- 
ties. 32 It remains unclear which influence on cardiac 
function ECP has in patients undergoing cardiac 
operations. 
In our series, transient postoperative arrhythmias 
correlated with the use of circulatory arrest for the 
surgical procedure. Inasmuch as aortic crossclamp 
time was similar in patients with and without ar- 
rhythmias, this observation supports the influence of 
profound hypothermia s discussed earlier, but not 
of myocardial ischemia in the development of tran- 
sient postoperative arrhythmias in our patients. Be- 
cause in our experience circulatory arrest is mainly 
used in small infants and young children, this prob- 
ably explains the relationship between younger age 
and transient postoperative arrhythmias that we 
observed. 
In our group of children with transient postoper- 
ative arrhythmias, all but two patients (with AVB II 
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and AVB III, respectively) had junctional rhythm, 
which was accelerated in three and defined as 
junctional ectopic tachycardia in four. Although 
junctional ectopic tachycardia can be assumed to be 
an active tachycardia, it is not clear in our series 
whether accelerated junctional rhythm was the re- 
sult of sinus dysfunction allowing junctional escape 
rhythm to become manifest or whether accelerated 
junctional rhythm was the consequence of increased 
automaticity of the atrioventricular junction. 
Accelerated junctional rhythm in children after 
cardiac operations is usually hemodynamically well 
tolerated and, if necessary, easy to treat symptom- 
atically by atrial pacing. By contrast, junctional 
ectopic tachycardia, if prolonged and fast, is a 
serious complication, the treatment of which re- 
mains unsatisfactory. Junctional ectopic tachycardia 
is described as a self-limiting arrhythmia resolving 
spontaneously within about 72 hours after the oper- 
ation if the patient survives. 33' 34 According to the 
literature, 34 the pathophysiology of postoperative 
junctional ectopic tachycardia is not clearly under- 
stood. Junctional ectopic tachycardia is thought to 
be related to several factors such as the underlying 
cardiac defect, the increased vagolytic activity, and 
the administration of sedatives or pancuronium 
bromide. The latter are widely known to induce 
histamine release from basophils or mast cellsY' 36 
We suggest hat histamine, as it has previously 
been demonstrated in the animal and in isolated 
human heart preparations, 16 may induce junctional 
ectopic tachycardia nd possibly accelerated junc- 
tional rhythm by a mechanism involving the en- 
hancement of pacemaker automaticity and a shift in 
the pacemaker site. 27 This mechanism can be en- 
couraged by transitory sinus node dysfunction re- 
sulting from surgical trauma. 31 These actions of 
histamine are exclusively mediated by histamine 
receptors of the H2 type, which activate cardiac 
adenylate cyclase and increase intracellular circulat- 
ing adenosine monophosphateJ  6 Two of the three 
patients with junctional ectopic tachycardia had 
accelerated junctional rhythm immediately after the 
operation, which accelerated and developed after a 
few hours into junctional ectopic tachycardia. Be- 
cause in our series in general and in these two 
patients in particular histamine continued to in- 
crease within the first 4 hours after the operation, 
this observation could reflect the dose-response 
relationship between histamine and heart rate, as 
previously demonstrated. 27 
Because histamine has been shown in the animal 
model to produce various degrees of atrioventricu- 
lar block by a mechanism involving histamine H1 
receptors, 16 it might theoretically have induced im- 
paired atrioventricular conduction in our two pa- 
tients with atrioventricular block. Although this is 
improbable in patient 19 with AVB III, who had 
undergone closure of an atrial septal defect type I 
with mitral valve reconstruction and who had low 
histamine concentrations during and after the oper- 
ation, it is not excluded in patient 10 with AVB II, 
who had elevated histamine blood concentrations 
after pulmonary valve commissurotomy. 
In conclusion, this study demonstrates significant 
histamine release related to CPB, the major source 
of which seems to be activated basophils. The 
possible relationship we found between histamine 
liberation and the development of transient postop- 
erative arrhythmias after cardiac operations in chil- 
dren needs further study on a much larger series to 
be confirmed. 
We thank Isa Sprangers and Henri Collet for their 
technical assistance. 
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